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CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 

[0001] This patent application claims the benefit of U.S. Provisional Patent Application 
No. 60/425,473, filed November 12, 2002, herein incorporated by reference in its entirety 
for all purposes. 

FIELD OF THE INVENTION 

[0002] This invention relates to transmitter and receiver circuits and, more particularly, 
to transmitter and receiver circuits that are capable of operating without an external 
controller to supply operating parameters. 

BACKGROUND OF THE INVENTION 
[0003] Conventionally, as illustrated in FIG. 1, many transmitter 30 and receiver 50 
circuits include an internal controller 34 and 54, respectively, that communicates over a 
control interface with an external micro controller 10 or 80, respectively. The internal 
controller is incorporated into the transmitter or receiver circuit and may be fabricated on 
the same circuit substrate as the transmit section of the transmitter or the receiver section of 
the receiver. The control interface is usually a serial type (SPI, I 2 C type) or it can be a 
parallel interface as well. As micro-controller 10 or 80 sends control words for operating 
parameters to the transmitter 30 or receiver 50 circuit, the internal controller 34 or 54, 
respectively, stores the operating parameters in a storage section, e.g. sets registers 32 or 52, 
respectively. The values of operating parameters stored in the registers 32 or 52 are used to 
set the operating characteristics of the corresponding circuit. In other words, the transmit 
section of transmitter 30 will transmit in accordance with the operating characteristics 
stored in registers 32 and the receiver section of receiver 50 will receive data in accordance 
with the operating characteristics stored in registers 52. This way, the effect of a given 
control word is valid as long as the registers 32 or 52 are not modified, such as through a 
new set of operating parameters from the external controller 10 or 80. 

[0004] The internal controller 34 or 54 may monitor some functional parameters as 
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well, such as battery voltage, received radio signal level, etc. The internal controller 34 or 
54 can modify registers 32 or 52, respectively, or generate output signals through I/O pins 
based on the monitored parameters. 

[0005] Normally, an external controller 10 or 80, such as a microprocessor or micro- 
controller, configures the transmitter 30 or receiver 50 circuit for operation. The external 
controller sends operating parameters to the transmitter or receiver circuit via a control 
interface, where the operating parameters control the operating characteristics of the 
transmit or receive sections, such as frequency, power, or data rate. This arrangement 
typically results in the use of two circuits to implement a device, e.g. the external controller 
10 or 80 and the transmitter 30 or receiver 50. 

BRIEF SUMMARY OF THE INVENTION 

[0006] One aspect of the present invention involves an embodiment of a transmitter 

circuit having a storage section for storing operating parameters and a transmitter section 
configured to transmit a signal having characteristics determined by the operating 
parameters. The transmitter includes an internal controller configured to operate the 
transmitter section in accordance with the operating parameters. The internal controller 
senses a state of an input terminal to determine whether an external controller is present or 
not present. The internal controller operates to receive and store the operating parameters 
from the external controller when the external controller is present. The internal controller 
also operates to access external data store to obtain and store the operating parameters when 
the external controller is not present. In a further refinement of this embodiment, the 
internal controller is further configured to receive a first input signal corresponding to a first 
event and, responsive thereto, access a first portion of the external data store. In another 
refinement, the internal controller is further configured to receive a second input signal 
corresponding to a second event and, responsive thereto, access a second portion of the 
external data store. The first event may correspond to a user input, such as a pushbutton 
activation. 

[0007] In an embodiment of a receiver circuit, according to the present invention, the 
receiver circuit includes a storage section for storing operating parameters and a receiver 
section configured to receive a signal having characteristics determined by the operating 
parameters. The receiver also includes an internal controller, the internal controller being 
configured to operate the receiver section in accordance with the operating parameters, 
where the internal controller senses a state of an input terminal to determine whether an 
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external controller is present or not present, where the internal controller operates to receive 
and store the operating parameters from the external controller when the external controller 
is present, and where the internal controller operates to read data provided at predetermined 
terminals of the receiver circuit to determine at least some of the operating parameters when 
the external controller is not present. In a further refinement, the internal controller is 
configured to monitor a signal received by the receiver section to detect a first control word 
and, responsive thereto, set at least some of the operating parameters according to the first 
control word. In still another refinement, the internal controller is further configured to 
monitor a signal received by the receiver section to detect a second control word and, 
responsive thereto, set at least some of the operating parameters according to the second 
control word. The internal controller may be further configured to monitor a signal received 
by the receiver section to detect a control word and, responsive thereto, output a digital 
signal at a predetermined terminal according to the control word. 

[0008] An embodiment of a method, according to the present invention, for operating a 
transmitter in a stand-alone mode, calls for sensing a logical state of a first predetermined 
terminal of the transmitter to determine whether the transmitter is to operate in a stand-alone 
mode of operation and, responsive to detecting the stand-alone mode, generating control 
signals that are output to an external data store in order to cause the external data store to 
output stored operating characteristic data. The method also involves reading the operating 
characteristic data from the external data store, storing the operating characteristic data in a 
storage section of the transmitter, and operating a transmit section of the transmitter in 
accordance with the stored operating characteristic data. In a further refinement of this 
embodiment, the step of generating control signals that are output to an external data store 
in order to cause the external data store to output stored operating characteristic data 
involves, responsive to receiving a first input signal, generating control signals including a 
first address value that are output to the external data store in order to cause the external 
data store to output stored operating characteristic data. In a further refinement, the method 
also involves, responsive to receiving a second input signal, generating control signals 
including a second address value that are output to the external data store in order to cause 
the external data store to output stored operating characteristic data. 

[0009] An embodiment of a method, according to the present invention, for operating a 
receiver in a stand-alone mode, calls for sensing a logical state of a first predetermined 
terminal of the receiver to determine whether the receiver is to operate in a stand-alone 
mode of operation and, responsive to detecting the stand-alone mode, generating control 
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signals that are output to an external data store in order to cause the external data store to 
output stored operating characteristic data. The method also calls for reading the operating 
characteristic data from the external data store, storing the operating characteristic data in a 
storage section of the receiver, and operating a receive section of the receiver in accordance 
with the stored operating characteristic data. 

[0010] In an embodiment of a transmit and receiver pair for a communications channel, 
according to the present invention, the transmitter is configured to automatically transmit 
selected operating parameters determining the operating characteristics of the 
communications channel on a predetermined service channel and configure itself for 
transmission on the communications channel in accordance with the operating 
characteristics corresponding to the selected operating parameters. The receiver is 
configured to automatically monitor the predetermined service channel for transmission of 
the selected operating parameters and, responsive to receiving the transmission of the 
selected operating parameters, configure itself for reception on the communications channel 
in accordance with the operating characteristics corresponding to the selected operating 
parameters. 

[0011] An embodiment of a method, according to the present invention, for 
automatically configuring a communications channel calls for, responsive to a first 
initialization event, causing a receiver to configure itself for communication on an initial 
channel using a first set of operating parameters and, responsive to a second initialization 
event, causing a transmitter to configure itself for communication on the initial channel 
using the first set of operating parameters. The method also sets forth transmitting from the 
transmitter a second set of operating parameters using the initial channel, where the second 
set of operating parameters correspond to the communications channel and reconfiguring 
the transmitter for transmission on the communications channel using the second set of 
operating parameters. The method further recites receiving in the receiver the second set of 
operating parameters using the initial channel and reconfiguring the receiver for reception 
on the communications channel using the second set of operating parameters. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The present invention is described herein with reference to the 

accompanying drawings, wherein: 

[0013] Figure 1 is a functional block diagram illustrating a conventional transmitter- 
receiver pair controlled by external controllers. 

[0014] Figure 2 is a functional block diagram illustrating an embodiment of a 
transmitter circuit, according to the present invention, capable of operating in a controller- 
less stand-alone mode. 

[0015] Figure 3 is a control flow diagram illustrating an embodiment of a process of the 
internal controller of the transmitter circuit of Figure 2 for responding to an event and 
accessing a memory store, such as an EEPROM, in a stand-alone mode of operation. 

[0016] Figure 4 is a functional block diagram illustrating an embodiment of a receiver 
circuit, according to the present invention, capable of operating in a controller-less stand- 
alone mode. 

[0017] Figure 5 is a control flow diagram illustrating an embodiment of a process of the 
internal controller of the receiver circuit of Figure 4 for detecting a stand-alone mode of 
operation and self-configuring for operation. 

[0018] Figure 6 is a functional block diagram illustrating an embodiment of a 
transmitter receiver pair, according to the present invention, where the receiver is capable of 
being configured for operation by the transmitter. 

[0019] Figure 7 is a control flow diagram illustrating an embodiment of a process of the 
internal controllers of the transmitter and receiver circuits of Figure 6 for configuring the 
receiver circuit from the transmitter circuit. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0020] Many simple applications, such as light switches, garage door openers, or remote 
controllers, do not require the capabilities of an external controller and, consequently, the 
cost of the additional controller. The functionality of an internal controller provided within 
the transmitter or receiver circuit may be utilized to detect that no external controller is 
present and to self-configure the circuit for operation. A single interface pin may be used to 
signal the internal controller. For example, the pin may be left floating to indicate that an 
external controller is present and coupled to a supply voltage in order to signal that no 
external controller is present. The internal controller may be configured to then obtain 
operating parameter data through the interface pins of the circuit. 

[0021] For example, the transmitter circuit may be configured to output control 
information to a data store device, such as an electronically erasable programmable read- 
only memory (EEPROM), in order to read control words and/or operating parameter data 
from the memory device. A section of memory may be provided that corresponds to a 
specific event in the transmitter circuit, such as detection of a low-battery condition, wake- 
up from an internal timer, or receiving a signal representing a user input event, e.g. 
activation of a pushbutton. The internal controller can respond to the event by outputting an 
address value to the memory that corresponds to the event. The memory data can then be 
read in by the internal controller, which then configures and operates the transmitter in 
accordance with the operating data obtained from the memory for the event. 

[0022] Figure 2 is a functional block diagram illustrating an embodiment of a 
transmitter 130 according to the present invention where the transmitter is capable of 
operating in combination with an external micro-controller and also in a stand-alone 
controller-less mode. The embodiment of Figure 2 illustrates a radio frequency (RF) 
transmitter 130, but the principles of the present invention may be applied to other 
transmitter devices having programmable operating characteristics, such as an infrared 
transmitter. In this embodiment, the internal controller 134 within the transmitter 130 is 
capable of reading control words directly from an external memory device 1 10, which is 
illustrated as an EEPROM in this example. In this case, the transmitter 130 uses 
input/output (I/O) pins to either interface to an external controller or address the EEPROM 
110. In the controller-less mode, the I/O pins generate address and clock signals in order to 
read out control word data from a data store, e.g. EEPROM 110. In this embodiment, 
EEPROM 1 10 is selected to have an output that is compatible with the transmitter's control 
interface for use with the external micro-controller. As a result, the control words read from 
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the EEPROM 1 10 can be received in a similar manner as receiving control word data from 
the external micro-controller. 

[0023] For example, the transmitter 130 may have separate inputs for a number of push 
buttons. If the user activates a push button, then the corresponding input to transmitter 130 
will go from high to low initiating an event. In response to the event, transmitter 130 
outputs an address value to the EEPROM 1 10 through, in this example, a serial data output 
(SDO) pin and provides a clock signal through a serial clock (SCK) pin in order to read out 
data from the EEPROM 110. In this example, the SCK pin of transmitter 130 serves as a 
data clock input when the transmitter is interfaced to an external micro-controller and as a 
data clock output when the transmitter 130 is interfaced to EEPROM 1 10. A serial data 
input (SDI) pin of transmitter 130 is used as a serial data input both in the controller-less 
mode and the micro-controller mode. In the micro-controller mode, the SDO pin turns into a 
CLK output that may provide an accurate CLK signal for a neighboring micro-controller. 
In this embodiment, transmitter 130 includes a chip select pin (SEL) that is used to enable 
the transmitter 130 in micro-controller mode, but may be used as an output in the EEPROM 
mode to enable EEPROM 1 10. Similar to the standard interface for serial type EEPROMs, 
the control signals sent by transmitter 130 to EEPROM 1 10 specify the action (e.g. read) as 
well as address and clock signal. 

[0024] The process of reading control words from the EEPROM 1 10 is initiated by 
events, which are identified by the internal controller 134. Examples of such events include 
power on reset (POR), wake-up timeout, low battery detection (LBD), user input signals 
generated from pushing external push buttons, etc. Internal controller 134 is programmed to 
detect when stand-alone or controller-less mode is selected and to read control word data 
from EEPROM 110 responsive to events. Figure 3 is a control flow diagram illustrating an 
embodiment of a process of the internal controller 134 of the transmitter circuit 130 of 
Figure 2 for responding to an event and accessing a memory store, such as EEPROM 1 10, 
in stand-alone mode of operation. 

[0025] Based on the type of event, the internal controller 134 defines an address, which 
will be used to point to an address in the EEPROM 1 1 0 where control words and data may 
be stored corresponding to the event. For example, if there are four push-button inputs to 
transmitter 130, each input line will have a corresponding address value that the internal 
controller 134 will use to access memory space in EEPROM 1 10 in response to an event on 
the input line. By providing the read-out clock signals to the EEPROM 1 10, the memory 
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store will send its content as control data to the transmitter. In this embodiment, so long as 
the transmitter sends read-out clock signals to the EEPROM, it will continue to send its 
content to the transmitter. In this embodiment, the read-out will be stopped when a control 
word coming from the EEPROM tells the transmitter to stop sending read-out clock signals. 
This way the EEPROM may store not only commands but also data to be transmitted as 
well. 

[0026] Figure 3 is a control flow diagram illustrating one embodiment of a process 140 
performed by internal controller 134 responsive to an event. At step 142, the event is 
received, e.g. the input on one of the push-button inputs transitions to a low. At step 144, 
the address value corresponding to the event is retrieved. For example, the address for an 
event may be stored in a particular register in registers 1 32 or in a separate data store and 
processed in a manner similar to interrupt handling. At step 146, the internal controller 134 
causes the address defined in step 144 to be output from the transmitter 130 to the 
EEPROM 1 10 along with generating the clock signal and any other control signals 
necessary to read data from the EEPROM. At step 148, as control words are output from 
EEPROM 110, they are received in transmitter 130. Internal controller 134 uses these 
control words to control the function of transmitter 130. At step 150, internal controller 134 
stops reading control words, e.g. responsive to receiving a "stop" word from EEPROM 110, 
and disables the clock signal so that no more data is output from the EEPROM. 

[0027] The internal controller uses the control word data obtained from EEPROM 1 10 
in this manner to operate the transmitter, e.g. transmitting specified data at a defined 
transmission frequency. By way of further example, in response to the push-button input 
event a code value stored in EEPROM 110 may be transmitted at a frequency determined 
from the data obtained from the EEPROM 1 10 such that a corresponding receiver causes a 
garage door to be opened or a car door to be unlocked. 

[0028] Figure 4 is a functional block diagram illustrating an embodiment of a receiver 
circuit 150, according to the present invention, capable of operating in a controller-less 
stand-alone mode. In this embodiment, receiver 150 has a mode select I/O pin that is used 
to signal to the receiver whether there is an external micro-controller present or not. If there 
is no micro-controller to send control words to the receiver, then the internal controller 154 
of the receiver 150 will interpret the logical states of its I/O pins as mode defining 
information, e.g. operating parameters, that may be stored in internal registers 152. In one 
embodiment, the operating parameters are provided over the available I/O pins. A limited 
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number of I/O pins may serve to limit the possible mode settings. For example, only a 
subset of the possible mode settings may be accessible and some parameters will remain at 
their default value. The mode of operation of other analog and digital blocks in the receiver 
circuit is defined by the content of the internal registers 1 52. In an alternative embodiment, 
an external data store, such as an EEPROM, may be provided to store parameters that are 
loaded at initialization in a manner similar to that described for the transmitter 130 of Figure 
2. 

[0029] Figure 5 is a control flow diagram illustrating an embodiment of a process 160 
of the internal controller 154 of the receiver circuit 150 of Figure 4 for detecting a stand- . 
alone mode of operation and self-configuring for operation. At step 162, the logical state of 
a predetermined I/O pin of receiver 1 50 is checked by internal controller 1 54 in order to 
determine the operational mode of the receiver. If the I/O pin is in a pre-determined logical 
state corresponding to an externally controlled mode, then control flows to step 170 where 
the internal controller 154 waits to receive commands from an external micro-controller 
over the control interface pins of receiver 150. If the predetermined I/O pin of receiver 150 
is in a predetermined logical state corresponding to controller-less or stand-alone mode, 
then control flow proceeds to step 164, where internal controller 154 evaluates the settings 
on its external pins in order to determine the operational parameters and settings for receiver 
150. At step 166, internal controller 154 loads the registers 152 of receiver 150 with the 
operational data obtained at step 164. Internal controller 154 then waits, at step 168, to 
receive a transmission of data signals and operates in accordance with the data loaded into 
registers 152. For example, internal controller 154 may be configured to activate a 
predetermined output pin, e.g. Out-1, in response to receiving a corresponding 
predetermined RF data signal. 

[0030] The receiver 1 50 may have multi purpose mixed digital/analog I/O pins in order 
to be able to perform the above features. Some I/O pins may be used as digital outputs, 
which will become active if proper data sequence is received via the RF input 56. The 
internal controller 154 evaluates the received data and generates output signals (e.g. Out-1, 
Out-2, Out-3 and Out-4) according to the received data. One use for the standalone mode is 
in simple applications where there is no need to transmit large amounts of data and the 
processing at the receiver end is relatively simple. For example, internal controller 154 of 
receiver 150 may be configured to set some switches responsive to a received data 
transmission, which may be useful for applications such as door openers, doorbells, remote 
keyless entry systems, ceiling fan controls or light switches. By way of further example, 
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receiver 150 may be used to implement a simple application wherein the transmitter 130 of 
Figure 2 transmits a predetermined data signal that is received at receiver 150, which, in 
turn, is programmed to respond to reception of the predetermined data signal by asserting a 
digital output line that causes a garage door to be opened or a car door to be unlocked. 

[0031] The receiver 150 may be programmed for a wide range of operating 
characteristics because of the range of control words that may be used. However, the 
number of modes may be limited by the availability of interface pins for the receiver to 
obtain operating parameter data. It is possible, in one embodiment of the present invention, 
to use a wider range of operating characteristics and also provide a mechanism for 
automatic configuration of a communication channel between a transmitter and receiver by 
providing a receiver that can receive operating parameter data through a communications 
link, such as an RF link, and a transmitter capable of transmitting the operating parameter 
data to the receiver. In this embodiment, the receiver is configured to perform a scanning 
protocol at initialization to scan for a frequency used by a transmitter. Alternatively, the 
receiver may be configured to monitor a predetermined service channel at initialization to 
listen for the transmission of operating parameter data from a transmitter. 

[0032] Figure 6 is a functional block diagram illustrating an embodiment of a 
transmitter-receiver pair, according to the present invention, where the receiver 250 is 
capable of being configured for operation by the transmitter 230. Even if there is no external 
micro controller available at the receiver 250, it can still receive complete control words 
over the communication link, which is a radio channel in this embodiment. In this 
embodiment, after power-on, the receiver 250 listens for control words over a dedicated 
service channel, or it can wait for special control data to be received on any available radio 
channel. 

[0033] In this embodiment, the transmitter 230 is programmed to instruct the receiver 
250. The set-up data may be transmitted over a pre-determined dedicated service radio 
channel or over a channel that is determined by service data that is obtained at power-up 
from either an external micro-controller or EEPROM 210. For purposes of transmitting 
operating parameter data to the receiver, it is preferable that a reliable data transmission 
mode be selected (e.g. low speed, high output power). Figure 7 is a control flow diagram 
illustrating an embodiment of a process 240 of the internal controller 234 of the transmitter 
circuit 230 of Figure 6 for configuring the receiver circuit 250 from the transmitter circuit 
230. At step 242, in response to a power-on or reset event, transmitter 230 is initialized to 
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send control data to a receiver over an initial channel. This may be performed under the 
control of an external micro-controller or, in a stand-alone mode, by reading data from an 
EEPROM using internal controller 234, as is discussed above in greater detail. At step 244, 
control data for a receiver circuit is transmitted over the initial channel. The data may be 
transmitted over an initial channel that is a pre-determined channel that is dedicated to 
sending control data for a receiver or a channel determined from data obtained from either 
the external micro-controller or, in stand-alone mode, from the EEPROM. In the case of the 
use of the dedicated pre-determined channel, it is possible for the operating data for the 
dedicated channel to be stored within the transmitter 230 either in registers 232 or in other 
dedicated data storage. Once the control data is transmitted over the initial channel, then 
transmitter 230 switches to a communication mode, at step 246, where it awaits an event or 
control information causing it to transmit data over a communication channel. The 
communication channel is typically a different channel than the initial channel and 
corresponds to the control data sent to the receiver via the initial channel. Thus, transmitter 
230 is configured to transmit control data for a communications channel over an initial 
channel and then reconfigures itself to further transmit over the communications channel 
defined by the transmitted control data. 

[0034] Figure 8 is a control flow diagram illustrating an embodiment of a process 260 
of the internal controller 254 of the receiver circuit 250 of Figure 6 for configuring the 
receiver circuit 250 from the transmitter circuit 230. After a power-on or reset event, at step 
262, internal controller 254 of receiver 250 initializes the receiver to receive control data via 
the initial channel. This may be accomplished in a variety of ways. If a dedicated pre- 
determined channel is used as the initial channel, then the operating data for the initial 
channel may be stored within receiver 250. Alternatively, the operating data for the initial 
channel may be obtained from an external micro-controller or data store, such as an 
EEPROM, which permits the initial channel to be determined by the externally provided 
data. Once the receiver 250 is configured with the initial operating data, it waits to receive 
control data over the initial channel at step 264. When internal controller 254 of receiver 
250 recognizes reception of the control data, e.g. the control data for the communication 
channel that has been transmitted by transmitter 230, it stores, at step 266, the received 
control data in registers 252 in order to set-up receiver 250 to receive data via the 
communications channel determined by the received control data. Internal controller 254 
then switches to communications mode, at step 268, and waits to receive data via the 
communications channel. 
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[0035] For a communications channel to be set-up in the manner just described, some 
care should be taken for the initial control data transmission. Receiver 250 is typically 
initialized first so that it is waiting for control data, e.g. at step 264 of Figure 8, when 
transmitter 230 begins to transmit the control data, e.g. at step 244 of Figure 7. Also, there 
should be only one transmitter transmitting control data within range of the receiver. 
Otherwise, it is possible for the receiver to receive garbled data or to configure itself in 
response to the wrong transmitter. However, this aspect of the present invention can be 
utilized to automatically set-up transmitter-receiver pairs for simple applications. 

[0036] The use of the terms "a" and "an" and "the" and similar referents in the context 
of describing the invention (especially in the context of the following claims) are to be 
construed to cover both the singular and the plural, unless otherwise indicated herein or 
clearly contradicted by context. Recitation of ranges of values herein are merely intended to 
serve as a shorthand method of referring individually to each separate value falling within 
the range, unless otherwise indicated herein, and each separate value is incorporated into the 
specification as if it were individually recited herein. All methods described herein can be 
performed in any suitable order unless otherwise indicated herein or otherwise clearly 
contradicted by context. The use of any and all examples, or exemplary language (e.g., 
"such as") provided herein, is intended merely to better illuminate the invention and does 
not pose a limitation on the scope of the invention unless otherwise claimed. No language 
in the specification should be construed as indicating any non-claimed element as essential 
to the practice of the invention. 

[0037] Preferred embodiments of this invention are described herein, including the best 
mode known to the inventors for carrying out the invention. Of course, variations of those 
preferred embodiments will become apparent to those of ordinary skill in the art upon 
reading the foregoing description. The inventors expect skilled artisans to employ such 
variations as appropriate, and the inventors intend for the invention to be practiced 
otherwise than as specifically described herein. Accordingly, this invention includes all 
modifications and equivalents of the subject matter recited in the claims appended hereto as 
permitted by applicable law. Moreover, any combination of the above-described elements 
in all possible variations thereof is encompassed by the invention unless otherwise indicated 
herein or otherwise clearly contradicted by context. 



